Abstract
Introduction
An estimated 10-11 million people in Europe aged 60 years or older have dementia [1] , a prevalence that is expected to increase as the number of older individuals grows over the years to come. In Norway, an estimated 78,000 persons have dementia [2] . Dementia is caused by various brain disorders and is in most cases progressive. It is characterized by impaired function in activities related to daily living and cognition and changes in psychological, behavioural and social function [3] . Even so, some people are able to function quite well despite their brain pathology in their early stage of dementia. It is found that some have a higher cognitive reserve capacity than others because of the structural and functional features of their brain [4] [5] [6] [7] , which may be linked to higher education [6, 7] . Older persons with signs of dementia in Norway may be assessed by primary care physicians but are also referred to specialist care, in most cases geriatric or geriatric psychiatry outpatient clinics. Many, in particular older individuals, with significant symptoms of dementia may remain undiagnosed [8] [9] [10] [11] .
In most western countries, next of kin has an important role in the decision to seek a diagnostic assessment for a person with suspected dementia [12] [13] [14] . However, in many cases, neither the person themselves nor the next of kin are aware of early signs of dementia. Observed changes in cognition may be interpreted as normal aging rather than the onset of cognitive decline due to dementia [10, 12, [15] [16] [17] . Lower educational levels and a lack of knowledge on dementia symptoms may contribute to difficulty recognizing symptoms of dementia [16] , delaying a visit to the family physician or outpatient specialist clinic for an assessment [10, 17, 18] . Furthermore, stigmata related to mental health diseases may delay a consultation [17, 19, 20] .
A timely diagnosis helps to exclude non-dementia disorders (i.e., depression) in a timely manner and allows people to plan for the future [21] , to receive treatment to reduce cognitive and neuropsychiatric symptoms [22, 23] and to have access to in-home care and social interventions. Timely diagnosis may also help the family or next of kin to reduce the burden of care and delay admission to a nursing home [24] . Studies have found that the mean duration from onset of dementia-related symptoms until assessment or diagnosis at an outpatient specialist clinic is about 1-2 years [12-14, 18, 25-27] . Some studies have reported a longer mean duration [28, 29] . In Norway, a small study (n = 69) found that the mean duration between the onset of dementia-related symptoms to referral in individuals younger than 65 years was 1.5 years for individuals subsequently diagnosed with dementia related to Alzheimer disease, while it was 2 years in those with frontotemporal dementia [30] .
In general, older individuals with a shorter education have a higher barrier towards seeking medical help [15, [31] [32] [33] . A recent Chinese study found that a longer duration from the onset of symptoms of dementia to assessment at a memory clinic was associated with a lower educational level [18] . However, one European study reported that for people with symptoms of dementia and normal physical function, higher age, female gender and poorer cognitive function were associated with a longer duration until assessment at a memory clinic, but this was not associated with educational level [34] . Others have reported that the mean duration to assessment and diagnosis is longer in younger individuals (< 65 years) than in older individuals (≥65 years) [29] . Furthermore, behavioural and personality changes can delay the decision to seek help [29, 30, 35] . Nevertheless, more severe symptoms or a combination of symptoms normally trigger the decision to seek help [15, 36, 37] .
The aim of the present study was to describe the duration from symptom debut to assessment at Norwegian outpatient specialist healthcare clinics for dementia and to explore whether educational level was associated with the duration from symptom debut to assessment when adjusting for sociodemographic factors, cognitive functioning, neuropsychiatric symptoms and outpatient clinic location and type.
Methods
This cross-sectional study was based on information from the Norwegian register for individuals with cognitive symptoms who have been assessed by a specialist healthcare service (NorCog) between February 2014 and July 2016. The individuals in the study were from 3 of the country's 4 healthcare service regions. Examinations were standardized and consisted of an interview with the individual and a next of kin, an evaluation and testing of cognitive function, and a psychiatric and physical examination of the individual, including a preliminary neurological examination [38] . In addition, study participants had blood sample analyses, a magnetic resonance imaging scan, single-photon emission computed tomography in the case of suspected Parkinson-plus syndromes or frontotemporal dementia, and spinal fluid testing for individuals with vague symptoms [38] . All individuals in NorCog have consented to allow information from the diagnostic assessment to be stored until 2030 and to be used for research. The Norwegian Data Inspectorate has approved all data collection and storage by NorCog. The present study was approved by the Regional Committee for Medical and Health Research Ethics South East in Norway (REK) (2016/1117) and the NorCog steering committee.
Participants
In total, 1,721 individuals were registered in NorCog from February 2014 to July 2016. Information on the duration from symptom debut to assessment was available for 886 of them, but information regarding the level of education was missing for 52. Thus, 835 (48.6% of the total) individuals were included in the present study.
Measures
Time from Symptom Debut to Assessment. Next of kin reported the number of months that had passed since the individual in question first experienced symptoms related to cognitive impairment.
Demographic Information. Demographic information, including years of education, age, gender and marital status, was collected as part of the separate interviews with the individual and their next of kin.
Cognitive Function. Cognitive function was assessed using several cognitive tests [38] . We used results from the Mini-Mental State Examination, Norwegian version (MMSE-NR) [39] . The MMSE has been translated, adapted and validated for Norwegian conditions [40] .
Neuropsychiatric Symptoms. Neuropsychiatric symptoms were evaluated using the Neuropsychiatric Inventory Questionnaire (NPI-Q) [41] , translated to Norwegian [42] . The 10-item version was used in the analysis. It covers the following symptoms: delusion, hallucination, euphoria, agitation/aggression, disinhibition, irritability/lability, depression/ dysphoria, anxiety, apathy/indifference, and aberrant motor behaviour. Next of kin rated the severity of each symptom based on its occurrence in the previous 4 weeks. Three subsyndromes of the NPI have been identified based on community-living individuals in Norway [43] . They are termed "agitation," "psychosis," and "affective symptoms." "Agitation" comprises agitation/aggression, euphoria, disinhibition, aberrant motor behaviour and irritability; "psychosis" comprises delusions and hallucinations, while "affective symptoms" cover depression, anxiety and apathy.
Diagnostic Procedure. The diagnosis was based on the International Classification of Diseases 10th Revision (ICD-10) and was set by the clinicians at each clinic after the described assessment procedure [38] .
Receiving Domiciliary Care (Yes/No). This item was recorded based on information from the individuals with dementia-related symptoms or next of kin.
Location of Clinic.
The geographical location of the outpatient specialist healthcare clinic was recorded, and information was grouped according to which of the 3 healthcare service regions the clinic was a part of, in this case either the South East (I), Western (II) or Middle (III) region of Norway. There is no organisational difference between these 3 healthcare regions. Furthermore, we also recorded the type of the outpatient healthcare clinic the individuals went to, i.e., geriatric versus a geriatric psychiatric outpatient clinic.
Analysis
The sample characteristics were presented as means and standard deviations (SD) or frequencies and percentages. Those included and excluded from the present study were compared using a linear mixed model for continuous variables and a generalized linear model for categorical variables. All models included a fixed effect for the variable whether people with dementia-related symptoms were included or not, and random effects for centre to adjust for possible intra-centre correlations. To assess the association between duration from symptom debut to assessment and years of education, a similar linear mixed model was estimated with a random effect for centre. Since the outcome variable was highly skewed, ln-transformation was applied prior to analyses. A bivariate model with fixed effects for years of education was estimated. A number of bivariate models for adjustment variables were then estimated. Interactions between years of education and adjustment variables were assessed but were excluded if not significant. Finally, a multivariate model was estimated.
All statistical analyses were performed in SPSS version 24 or SAS version 9.4. Results with p values < 0.05 were considered statistically significant. 
Results
Of the 835 individuals with dementia-related symptoms included in our study, 468 (56%) came from the southeast part of Norway, which includes the capital of Oslo (health region 1). Six hundred and seventeen individuals (73.9%) were examined in a geriatric outpatient clinic (Table 1 ). The mean age of the total sample was 76.0 (SD 9.1, range 36-95) years; 464 (55.6%) patients were women. The mean score of the MMSE-NR was 23.1 (SD 4.8). In total, 69 (8%) individuals were diagnosed with subjective cognitive impairment, 228 (27%) with mild cognitive impairment (MCI) and 458 (55%) with dementia. Among those with dementia, 310 were diagnosed with Alzheimer disease, 61 with unspecified dementia, 55 with vascular dementia and 32 with dementia associated with other diseases. Of the 32 individuals diagnosed with dementia associated with other diseases, 16 were diagnosed with Lewy body dementia, 13 with Parkinson-related dementia, and 3 with frontotemporal dementia. We did not have information on the diagnosis for 57 (7%) people, while 23 (3%) were diagnosed with other psychiatric diseases, including depression, anxiety and psychotic diseases.
The group excluded from the analyses had a similar gender distribution but was younger Table 2) .
Time from Symptom Debut to Assessment
The median time from symptom debut to assessment was 24.0 (min. 0, max. 744) months. In an unadjusted analysis, the variable "years of education" was not associated with time from symptom debut to assessment. No significant interactions were identified. In an adjusted analysis, both longer education and a higher agitation sub-syndrome score on the NPI-Q were associated with a longer duration from symptom debut to assessment ( Table 3) . The model also included the degree of cognitive functioning, demographic information (age, gender and marital status), information on whether or not the individual received domiciliary care (yes/ no), type of specialist outpatient clinic and health region as well as the diagnosis received. Compared to those diagnosed with dementia, those diagnosed with MCI had a significantly shorter duration from onset of symptoms to assessment. All models included random effects for the single centres/clinics in each health region independent of type of clinic (geriatric/ psychiatric) to adjust for possible intra-centre correlations. None of the interactions considered were significant in the multivariate models. Italics indicate statistical significance. SE, standard error; ref., reference; MMSE-NR, sum score of the MiniMental State Examination, Norwegian revised version; NPI-Q, Neuropsychiatric Inventory Questionnaire; SCI, subjective cognitive impairment; MCI, mild cognitive impairment. a Other diagnoses include depression, anxiety and psychotic diseases.
Discussion
This Norwegian study investigated the time from symptom debut to assessment for cognitive impairment at outpatient specialist healthcare clinics for dementia. The mean time from symptom debut to assessment for the total sample was > 2.5 years. In people with a longer education, the time between the debut of symptoms and assessment was longer than in individuals with a shorter education. Furthermore, a higher agitation sub-syndrome score on the NPI-Q was associated with a longer duration between symptom debut and assessment. The duration from symptom debut to assessment was significantly longer in those who were diagnosed with dementia than in those with MCI.
In the present study, 5 more years of education was associated with an increase of 10% in the time from symptom debut to assessment when adjusted for other sociodemographic variables (age, gender and marital status), cognitive functioning, neuropsychiatric symptoms, receiving domiciliary care (yes/no), type of outpatient clinic visited and health region. The finding is a bit surprising since higher barriers for seeking help are typically reported for those with less education compared to individuals with higher education [44, 45] . Studies from the Netherlands and Italy did not find any association between amount of education and duration from symptom debut to diagnosis at a specialist outpatient clinic for dementia [29, 34] . A recent Chinese study found that people with a shorter education had a longer mean duration from symptom debut to assessment at a specialist outpatient clinic [18] . In the Chinese study, where the education level in older people may be lower than in Scandinavia and other parts of Europe, the researchers hypothesized that those who had very few years of education also had little knowledge about dementia and symptoms related to dementia. A comparison between cultures may be complicated due to cultural differences in how families deal with and compensate for dementia symptoms within the family.
In Norway, which has a generally high educational level, the association between years of education and longer duration to assessment may be understood according to the cognitive reserve theory. This means that despite brain pathology, some people are able to function quite well because of the structural and functional features of their brain [4] [5] [6] [7] . Higher educational levels have been reported to increase a person's cognitive reserve capacity by fostering development of structural and functional brain structures and new cognitive strategies [6, 7] . Thus, in keeping with this, it may be possible that individuals with a longer education functioned better for a longer period than those with a shorter education. Consequently, people with a longer education and their next of kin may explain changes in cognitive functioning during the early phases of dementia as normal age-related cognitive decline rather than dementia. Furthermore, even if they suspect a cognitive pathology, the affected individuals and their next of kin may still delay seeking help as long as the individual's level of functioning remains quite good. We may speculate that the next of kin of those with a longer education are more resourceful and able to compensate for functional reduction for a longer time and, thus, experience the symptoms as less severe. Less severe symptoms may often delay a decision to seek help [15] , which may be exacerbated by a fear of and stigmata related to dementia in society [19, 46] . All of these factors may contribute to the delay in seeking help, especially when a person's functional level is quite good. However, if a person with less severe symptoms during the early phases of the disease chose to consult their general practitioner (GP), the dementia symptoms could be overlooked [9, 11, 47] . A referral to specialist care may be postponed until symptoms are more explicit/obvious [47] .
A higher agitation sub-syndrome score on the NPI-Q at the assessment at a specialist healthcare clinic was associated with a longer duration from symptom debut to assessment compared to individuals with less severe symptoms. It is possible that the longer duration between symptom debut and assessment contributes to more severe neuropsychiatric symptoms, as these symptoms tend to become more common in later stages of dementia [48] . For our study, however, we do not have information about the process that brings an individual to specialist care or information about which symptoms were the main triggers for seeking assessment by the specialist care system. Other researchers have reported that the duration from symptom debut to consultation at a specialist healthcare clinic may be related to the individual or their next of kin as well as to the GP who was first consulted about symptoms [12, 14, [49] [50] [51] . Often, the decision to seek medical help is taken by the next of kin or in cooperation with the individual with cognitive impairment. It has been reported that the degree of behavioural disturbance symptoms was often the trigger for next of kin to recognize symptoms as dementia related [52] and for seeking assessment [53] . Others have found that an accumulation of events or clues -other than, or in addition to, cognitive function -seems necessary for the next of kin to decide to seek assessment [37] . It may also be that the GP was consulted during an early phase of the disease, but that symptoms could have been misinterpreted or understood as stress, depression or other mental health problems and treated accordingly, or that the symptoms may have been overlooked until they became more explicit/ obvious [47] .
The duration from symptom debut to assessment was significantly shorter for those who were subsequently diagnosed with MCI as compared to individuals with dementia. We do not have a firm explanation for this, but it may be related to how individuals are referred to specialist care. Healthcare in Scandinavia relies on the primary care physician, the GP, who addresses most health problems but refers patients to the specialist healthcare system when indicated [54] . Another explanation could be due to the level of insight, which is higher in patients with MCI than in those with dementia. When a dementia diagnosis is made by a GP, the specificity is almost 100%, but GPs do not assess or diagnose every individual who is subsequently found to have dementia [11] , and referral to the specialist healthcare is postponed [9, 47] . Dementia assessments and referrals to the specialist care system are not simple mechanical processes but include a complex interaction between the person with symptoms, their next of kin and the GP. For example, the GP may refer people to specialist care if they or their next of kin insist [51] . In our study, we speculate that people who were later diagnosed with subjective cognitive impairment or MCI were referred because they or their next of kin were not satisfied with their GP consultation, or that their experience of the severity of symptoms led them to insist on an additional assessment by the specialist care system. Geographical location or the type of the outpatient specialist clinics to which patients were referred was not associated with the duration between symptom debut and first assessment.
An important limitation of all studies (including ours) that explore the duration from symptom debut to assessment or diagnosis is the retrospective estimation of the time of symptom onset, which alone could account for heterogeneous study outcomes [29] . The estimated time of symptom onset was based on the next of kin's recall and knowledge of symptoms of dementia. Because symptoms are usually not very noticeable at an early stage, the estimated time of symptom debut may not be accurate [18] . Information about when symptoms first appeared was missing in about half of the people in the NorCog register, and those who had been included in the study tended to be older with poorer cognitive function than those for whom information was missing. This weakens our study and our ability to draw firm conclusions. However, one of the strengths of our study is that we systematically asked for the time of symptom debut at the first assessment. It seems more likely that the recall bias may increase with an increase in the duration from assessment and diagnosis to when participants or next of kin are questioned about symptom debut [29] .
We did not study the relationship between etiological diagnoses and duration from symptom debut to assessment. Instead, we explored the importance of subjective cognitive impairment, MCI and dementia. Nevertheless, we are aware that the type of dementia may influence the duration. It is reported that people with frontotemporal dementia in general wait longer before having an assessment [29, 30] . Due to poor statistical power (small diagnostic groups), we did not undertake this type of analysis.
Certain areas on which we lack information may influence the time from symptom debut to assessment by a specialist care clinic. Firstly, we do not know how referrals proceeded, meaning the process at the GP's and the specialist care service [51, 55] . For example, the duration from the actual referral to the appointment for the assessment at the specialist care clinic was not available. Secondly, we do not have information about the quality or size of the individuals' social and family network, which may influence the accuracy of time for symptom debut and incentive to seek consultation. In this context, it would have been useful to have included data of the relatives' educational level in our analyses. However, such information is not available in NorCog. Thirdly, we do not know about each individual and their next of kin's general attitude towards and knowledge of cognitive impairment and dementia, if and how next of kin experience their caregiving burden related to their relative's symptoms, and who actually initiated the visit. Fourthly, we do not have systematic information about the progression of cognitive and neuropsychiatric symptoms from symptom debut to the assessment.
Conclusion
The duration from symptom debut to assessment for dementia was longer among those with a longer education. This may be because more highly educated people have a better ability to compensate for cognitive impairment, in line with the cognitive reserve hypothesis. However, the limitations of our study weaken our ability to draw firm conclusions, and there is a need to explore the association further.
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